
To: Gladys K i s t  and Susan Shu l t z  

From: Harold Varmus 

Re: Grant a p p l i c a t i o n  for 1985 H e p a t i t i s  B Virus  Meeting 

A. The Challenge of H e p a t i t i s  B Viruses.  

The s e r e n d i p i t o u s  discovery o f  t h e  v i r a l  agent  of a widely recognized form 
of i n f e c t i o u s  h e p a t i t i s  5n  m a n  i n  t h e  1960's has  s t imu la t ed  t h e  growth of a new 
f i e l d  of biomedical research ,  one t h a t  j o i n s  t r a d i t i o n a l  approaches to  infec-  
t i o u s  disease wi th  t h e  techniques of modern molecular biology,  i n  an effor t  t o  
understand and c o n t r o l  a major cause of human s u f f e r i n g .  
es t imated t h a t  w e l l  over  200 mi l l i on  people are c u r r e n t l y  i n f e c t e d  wi th  t h e  hu- 
man hepa t i t i s  B v i r u s  (HBV). I n  many p a r t s  of t h e  world, v i r t u a l l y  everyone is 
i n f e c t e d  at least t r a n s i e n t l y  and the  5-20s who remain c h r o n i c a l l y  i n f e c t e d  are 
a t  high r i s k  of inflammatory h e p a t i c  disease and primary h e p a t o c e l l u l a r  cancer;  
i n  a d d i t i o n ,  they s e r v e  as a ready source  of f u r t h e r  i n f e c t i o n .  
world 
p a r t i c u l a r l y  high,  HBV-associated hepa t i c  cancer  is t h e  most common form of fa- 
t a l  cancer. Even i n  t h e  United S t a t e s ,  where i n f e c t i o n  is less common, a t  least  
0.1% of t h e  populat ion is composed of chronic  carriers o f  HBV and life-time in-  
f e c t i o n  rates may be as high as 10%. 

It has been f r equen t ly  

I n  p a r t s  of t h e  
( p a r t i c u l a r l y  A f r i c a  and Southeast  Asia) where rates of i n f e c t i o n  are 

From t h e  first i d e n t i f i c a t i o n  of HBV, it has been apprec ia t ed  t h a t  t h e  
agent  has many novel p r o p e r t i e s  t h a t  d i s t i n g u i s h  it s t r u c t u r a l l y  and func t iona l -  
l y  from the  known animal v i ruses .  Virus  p a r t i c l e s  have an  unusual structure and 
a r e  v a s t l y  outnumbered i n  serum from in fec t ed  i n d i v i d u a l s  by incomplete p a r t i -  
cles composed p r i n c i p a l l y  of  v i r a l  s u r f a c e  an t igen  (sAg) without  n u c l e i c  acid. 
The i n t e r a c t i o n s  between v i r u s  and host are man i fe s t ly  complex, l ead ing  some- 
times t o  an  immune response t h a t  appears  t o  eliminate t h e  v i r u s  and sometimes t o  
e x t r a o r d i n a r i l y  p e r s i s t a n t  i n f e c t i o n  wi th  very  high titres of v i r u s  i n  the  
bloodstream; fur thermore,  t h e  e x t e n t  of pa tho log ica l  effect may vary  f r o m  un- 
detectable t o  profound loss of h e p a t i c  cells, hepa t i c  c i r r h o s i s ,  o r  l i v e r  canc- 
er. From t h e  e a r l y  1970'9, e f f o r t s  t o  d e s c r i b e  HBV i n  molecular terms have pro- 
vided f u r t h e r  examples of' i ts  o d d i t i e s :  t h e  genome is composed of a small circle 
of double  s t randed  DNA i n  which n e i t h e r  s t r a n d  is c losed ,  t h e  v i r u s  p a r t i c l e s  
i nc lude  a DNA polymerase a c t i v i t y ,  and p r o t e i n  is l inked  t o  one o f  t h e  DNA 
s t r ands .  

Despi te  t h e  obvious medical importance of HBV and its i n t r i g u i n g  biochemi- 
c a l  f e a t u r e s ,  e f f o r t s  t o  apply t r a d i t i o n a l  strategies f o r  t h e  s tudy of  animal 
v i r u s e s  t o  HBV have been f r u s t r a t e d  by s e v e r a l  problems. F i r s t ,  t h e  v i r u s  has 
remained r e f r a c t o r y  t o  efforts t o  propagate i t  i n  cel l  c u l t u r e .  Second, HBV is 
s t r o n g l y  hepa to t rop ic  and h igh ly  spec ie s  specific, conf in ing  s t u d i e s  of its 
growth l a r g e l y  t o  n a t u r a l l y  i n f e c t e d  human s u b j e c t s  and exper imenta l ly  i n f e c t e d  
chimpanzees. T h i r d ,  u n t i l  a few years ago, there were no known HBV-related 
v i r u s e s  found among experimentally-manipulable animals.  

Remarkable advances have occurred du r ing  the  p a s t  few years  i n  t h e  s tudy  of 
HBV, a t t r i b u t a b l e  i n  l a r g e  p a r t  t o  t h e  a p p l i c a t i o n  of molecular  c lon ing  tech- 
niques and to t h e  d iscovery  of v i r u s e s  c l o s e l y  related t o  HBV i n  a number of 
animals,  i nc lud ing  t h e  Eas te rn  woodchuck, t h e  C a l i f o r n i a  ground s q u i r r e l ,  and 
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the  domestic duck. Growth of DNA cop ie s  of t h e  genomes o f  a l l  of these v i r u s e s  
i n  bacteria has permitted nuc leo t ide  sequencing ( r e v e a l i n g  t h e  ex t r ao rd ina ry  or- 
ganizat ion o f  v i r a l  coding domains) and some expression of  v i r a l  gene products.  
The genomes of the four  best s t u d i e d  h e p a t i t i s  B v i r u s e s  are now known t o  con- 
t a i n  a t  least 3-4 open r ead ing  frames t h a t  o v e r l a p  each o t h e r  on a s i n g l e  s t r a n d  
and may be t r a n s l a t e d  from more than  o n e - i n i t i a t i o n  codon i n  some frames. The 
incompletely descr ibed  programs f o r  t r a n s c i p t i o n  and t r a n s l a t i o n  of h e p a t i t i s  B 
v i r u s  genes i n d i c a t e  t h a t  a s u r p r i s i n g z y  large amount of information is e x t r a c t -  
ed f r o m  r e l a t i v e l y  small genomes (ca. 3200 nuc leo t ide  pairs, t h e  s h o r t e s t  of t h e  
known animal v i r u s  genomes). 
coding p o t e n t i a l  of these v i r u s e s  w i l l  be r equ i r ed  t o  probe i n t e r a c t i o n s  w i t h  
t h e i r  h o s t s  i n  de t a i l ,  it has a l r e a d y  been p o s s i b l e  t o  use  t h e  newly a v a i l a b l e  
information t o  design vaccines  f o r  human u s e ,  to raise a n t i b o d i e s  f o r  t h e  iden- 
t i f i c a t i o n  of heretofore unseen v i r a l  p r o t e i n s ,  and t o  ga in  i n s i g h t  i n t o  the  
mechanisms of tissue tropism and h o s t  range. 

Although a more complete understanding o f  t h e  

The p u r s u i t  of those  h e p a t i t i s  B v i r u s e s  n a t i v e  t o  woodchucks, ground 
s q u i r r e l s ,  and ducks has, i n  a few years, exposed t h e  c e n t r a l  f e a t u r e s  of t h e  
hepa t i t i s  B l i f e  cyc le  and generated o p p o r t u n i t i e s  f o r  conducting s o p h i s t i c a t e d  
g e n e t i c  and biochemical s t u d i e s  of t h e  f a s c i n a t i n g  b i o l o g i c a l  properties of 
these viruses .  A t  t h e  heart of these new d i s c o v e r i e s  is t h e  f i n d i n g  tha t  t h e  
h e p a t i t i s  B v i r u s e s  reproduce t he i r  DNA genomes through RNA i n t e rmed ia t e s ,  sug- 
g e s t i n g  t h a t  t h e  v i r u s e s  use  a r e p l i c a t i v e  s t r a t e g y  t h a t  is a permuted ve r s ion  
of the  l i f e  c y c l e  of r e t r o v i r u s e s  and t h a t  t hey  encode an RNA-directed DNA po- 
lymerase ("reverse t r ansc r ip t a se" ) .  Efforts t o  pursue these p red ica t fons  form a 
s u b s t a n t i a l  p a r t  o f  c u r r e n t  a c t i v i t y  i n  t h e  s t u d y  of h e p a t i t i s  B v i ruses .  These 
efforts are now supported by r e c e n t  evidence t h a t  molecular ly  cloned genomes o f  
h e p a t i t i s  B v i r u s e s  can i n i t i a t e  i n f e c t i o n  when introduced d i r e c t l y  i n t o  t h e  
l i v e r s  o f  s u s c e p t i b l e  animals. 
recombinant genomes produced by i n  v i t r o  methods for  t h e i r  a b i l i t y  t o  grow and 
produce disease i n  t h e  animal, providing an important supplement t o  f u n c t i o n a l  
tests of po r t ions  of genomes by DNA t ransformation of cu l tu red  cells. 

Thus it is now p o s s i b l e  t o  t es t  mutant and 

F i n a l l y ,  molecular techniques and precedents  from t h e  s tudy of other kinds 
of tumor v i r u s e s  have been used t o  exp lo re  t h e  c o n t r i b u t i o n  made by HBV t o  
hepa t i c  cancer.  Many tumors and tumor c e l l  l i n e s  have been shown t o  c a r r y  i n -  
tegrated and u s u a l l y  rearranged cop ie s  of HBV DNA, and it is now poss ib l e  t o  a s k  
whether  t h e  v i r a l  DNA is a c t i v e  i n  t h e  carcinogenic  mechanism. 

B. Rational f o r  a r e g u l a r  meeting on t h e  molecular p r o p e r t i e s  o f  h e p a t i t i s  
B v i ruses .  

The progress  i n  h e p a t i t i s  B r e sea rch  b r i e f l y  o u t l i n e d  i n  t h e  preceding sec- 
t i o n  has been accompanied by an i n f l u x  of people from v a r i o u s  f ie lds  - animal 
v i r o l o g i s t s ,  g e n e t i c  eng inee r s ,  biochemists,  immunologists, p a t h o l o g i s t s  - who 
now share i n t e r e s t s  i n  t h e  molecular biology o f  h e p a t i t i s  B v i r u s e s .  
less, d e s p i t e  t h e  r a p i d  growth o f  t h e  f i e l d  of h e p a t i t i s  B v i r u s e s ,  there has 
been no a p p r o p r i a t e  forum f o r  s e r i o u s  s c i e n t i f i c  d i s c u s s i o n  among i ts  members. 
T r a d i t i o n a l l y ,  h e p a t i t i s  B v i r u s e s ,  e s p e c i a l l y  HBV, have been included mainly i n  
medically-oriented ga the r ings  and g e n e r a l l y  excluded from (or  ignored a t )  meet- 
i n g s  addressed t o  tumor v i r u s e s  o r  animal v i r u s e s .  The o n l y  c o n s i s t e n t  forum has  
been t h e  t r i -annual  h e p a t i t i s  meetings,  sprawling e v e n t s  a t t ended  by many hun- 
d r e d s  of c l i n i c i a n s ,  p a t h o l o g i s t s ,  and blood bank e x p e r t s ,  as well as v i ro lo -  

Neverthe- 
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gis ts ,  and not  conducive t o  t h e  kind of concentrated a t t e n t i o n  upon t h e  molecu- 
lar biology of h e p a t i t i s  B v i r u s e s  t h a t  i s  now called for .  This s t a t e  of rela- 
t i v e  d i so rde r  is re inforced  by an examination of t h e  v e h i c l e s  f o r  publ ica t ion  of  
work i n  t h i s  area o f  research. People doing rather c l o s e l y  related experiments 
o f t e n  publ ish i n  jou rna l s  t h a t  ref lect  t h e i r  academic backgrounds (e .g. Gas- 
t roentero logy  o r  Hepatology f o r  those  w i t h  c l i n i c a l  t r a i n i n g ,  versus  2. Virolo- 
gy, C e l l ,  or  Proceedings of t h e  Nat ional  Academy of Sciences f o r  those w i t h  
backgrounds i n  basic sc ience) .  Furthermore, t h e  review articles about  t h e  
molecular a s p e c t s  o f  t hese  v i r u s e s  are few and g e n e r a l l y  focussed rather narrow- 
l y .  
of modest s i z e  and length  t h a t  is s p e c i f i c a l l y  addressed t o  advances on t h e  
molecular l e v e l  i n  h e p a t i t i s  B research. 

A l l  of these f a c t o r s  suppor t  t h e  idea t h a t  t h e  time i s  r i p e  f o r  a meeting 

C .  Composition of  t h e  meeting. 

See no te s  from our get- together  i n  May. 

P.S. I have n o t  suppl ied re ferences .  You could use  as a gene ra l  r e fe rence ,  
Chapter 11 f r o m  Readings i n  Tumor Virology (CSH p res s ) .  In  f a c t ,  
you might  want t o  inc lude  a copy o f  t h a t  chap te r ' s  i n t roduc t ion ,  as  I 
may have suggested before. 


